ABSTRACT: Different substrates and containers influence the production of coffee seedlings, which can reduce production costs, both with alternative substrates and with containers of smaller volumes of substrates. The aim the present study was to evaluate the viability of alternative substrates in different containers for production of Conilon coffee (Coffea canephora Pierre ex Froehner) seedlings in the nursery of the Federal Institute of Espírito Santo -Campus of Alegre, ES, Brazil. The experimental design was a randomized complete block design with three replications, in split-plot with three plots and four subplots. The plots consisted of three containers (120 cm³ tube, 280 cm³ tube and 615 cm³ bag), and the subplots of four substrates (S1 -Conventional, S2 -Legume compost, S3 -Grass compost, S4 -Vermicompost). At 165 days after sowing, the evaluated variables were shoot and root dry mass, number of leaves, shoot height, leaf area, Dickson quality index, shoot/root ratio, root length, nitrogen and total crude protein. The alternative substrates (Legume compost, Grass compost and Vermicompost) were efficient for production of Conilon coffee seedlings and can replace the conventional substrate at this development stage, providing good quality seedlings. The major developments were observed in the containers with the highest volume (280 cm³ tube and 615 cm³ bag) and reflected directly on the quality of seedlings.
INTRODUCTION
The quality of seedling is linked directly to the productivity and quality of the final product (TRAZZI et al., 2013) . For the Brazilian coffee growing, the quality of Conilon coffee (Coffea canephora Pierre ex Froehner) seedling is extremely important, since it undergoes major transformations such as the increasing planted area, renewal of the coffee plantation and adaptation to the current planting systems. Thereby, the planting Köppen classification, the climate of the region is "Aw" type, dry winter and rainy summer with annual average temperature of 23 ºC and annual rainfall around 1,200 mm. The rainy season in the region is concentrated from November to March.
The experimental design was a randomized complete block design with three replications, in split-plot with three plots and four subplots. The plots consisted of three containers (120 cm³ tube, 280 cm³ tube and 615 cm³ polyethylene bag), and the subplots of four substrates (S1 -Conventional, S2 -Legume + dried cow dung compost, S3 -Grass + cow dung compost, S4 -Vermicompost). The used containers have the primary characteristic of non-releasing toxins in the culture substrate. The experimental plot consisted of 20 plants, being used the average of three plants, discarding the edge.
The used substrates were: S1 -Conventional -made with ravine land with cow dung at 3:1 ratio (v/v) added with N-P-K fertilization recommended for the crop (PREZOTTI et al., 2007) ; S2 -Organic compost of legume, constituted based on legume (pigeon pea) with cow dung at of 1:1 ratio (v/v) after the maturation process of the material reaching 90 days; S3 -Organic compost of grass derived from the compost process of cow dung and grass clippings at 1:1 ratio (v/v), as described by Souza et al. (2013) ; and S4 -Vermicompost, prepared after the maturation process of the organic compost (grass and dried cow dung), using redworms (Eisenia foetida) throughout 60 days for the vermicompost process.
The substrates were characterized through a chemical analysis in the Soil Fertility Laboratory of the Department of Soils of the Federal Rural University of Rio de Janeiro, RJ, Brazil (Table 1) .
The "EMCAPER 8151 -Robusta Tropical" cultivar was evaluated. Two seeds were used per container, sowed at 1.0 cm depth. The thinning was performed soon after the first pair of true leaves emerged, removing the less vigorous plants ( MATTIELO et al., 2005) .
Irrigations were performed twice a day (morning and afternoon) by micro-sprinkling until the end of the experimental phase. At 165 days after sowing, the evaluated characteristics were shoot and root dry mass (g plant ), number of leaves, shoot height (cm plant -1 ), leaf area (cm² plant -1
), Dickson quality index, shoot/root ratio, root length (cm plant -1 ), total nitrogen (% plant -1 ) and total crude protein (% plant -1 ). Root length was measured with graduated scale, measuring the pivoting root. plastic bags filled with substrate formed by soil and cow dung (7:3 ratio) and polyethylene tubes with different dimensions, using a commercial substrate (VALLONE et al., 2010; MENDES, 2010) .
For container types and volumes, Silva et al. (2010) and Vallone, Guimarães and Mendes (2010) sought to define an ideal set, associating quality with reduced production cost providing a better development to the coffee plants. According to Silva et al. (2010) , soil block (60 x 40 x 15 cm), polyethylene bag (18 cm height x 10 cm diameter) and large tube (120 ml) are the most suitable containers for the production of C. canephora seedlings.
Regarding the substrate, Vallone, Guimarães and Mendes (2010) reported that the mixture of organic wastes to the substrate improves their chemical, physical and biological characteristics, providing an adequate environment for roots and plant as a whole, notably in its initial development, reducing the soil usage and hence avoiding the contamination risks by pests and diseases. Thus, the substrates should have good characteristics such as adequate porosity, high cation exchange capacity, good water retention, and must be produced in a sustainable way with economic viability (ALMEIDA et al., 2011) .
It is necessary the use plant and animal residues in the preparation of substrates for the production of agricultural seedlings, besides giving adequate destination to them. According to Caldeira et al. (2008) , organic matter is one of the fundamental constituents of substrates, whose basic purpose is to increase the water retention capacity and availability of nutrients to the seedlings.
Based on the usage relevance of alternative residues for the production of agricultural seedlings and the effect of the container on the production of seedlings, the present study aimed to evaluate the effects of alternative substrates in different containers for production of Conilon coffee seedlings.
MATERIAL AND METHODS
The experiment was carried out at the Federal Institute of Espírito Santo (IFES) -Campus of Alegre, in the city of Alegre, ES, Brazil, in a seedling nursery built with bamboo structure and covered with 50% shade net. The nursery has as geographic coordinates 20º45'44" S, 41º27'43" W, and 134 m altitude. According to
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The shoot and root dry mass were obtained in digital scale after drying in a convection oven at 75 °C until constant weight. The height was measured with a millimeter ruler, considering the region between the collar and the apical bud.
Leaf area (LA) was measured by the mathematical model (PARTELLI et al., 2006) , where ML is the midrib length.
The Dickson quality index was obtained by the formula: DQI = [total dry mass / (height/ diameter ratio + shoot/root ratio)] recommended by Dickson, Leaf and Hosner (1960) .
The total nitrogen was obtained by the Kjeldahl method based on the decomposition of organic matter by digesting the sample at 400 0 C with concentrated sulfuric acid in the presence of copper sulphate as a catalyst that accelerates the oxidation of organic matter. The nitrogen present in the resulting acid solution was determined by steam distillation followed by titration with diluted acid (NOGUEIRA; SOUZA, 2005) .
The protein content of a food is measured from the nitrogen content present in the analyzed sample. The analysis is performed by the Kjeldahl method and the obtained nitrogen percentage is multiplied by 6.25 and then expressed as crude protein (CP). This analysis is because all proteins have 16% nitrogen, and that all nitrogen in the food is in protein form (NOGUEIRA; SOUZA, 2005) .
The expression (TCP = TN x F N ) was used to determine the total crude protein (TCP), where TN is the total nitrogen and F N is the factor of 6.25 (NOGUEIRA; SOUZA, 2005) .
The data were subjected to analysis of variance and mean test, with means grouped by the Scott-Knott test at 5% probability, using SISVAR software version 5.3 (FERREIRA, 2011). 
RESULTS AND DISCUSSION
According to the analysis of variance ( Table  2) there was a significant container x substrate interaction for the number of leaves, Conilon coffee height, root length and total nitrogen. For the other variables, there was no significant effect.
When evaluating the significant effect of the isolated factors, it was noted that only the root length and the Dickson quality index had a significant effect for the substrate factor. For the container factor, the variables had a significant effect, except for the SDM/RDM ratio.
According to Table 3 , when evaluating the number of leaves, it was noted that there was no significant difference for the Cont. 1 and 2 within the substrates. However, the Cont. 3 showed significance in the substrates S1 and S2 (17.00 and 16.00 leaves, respectively), differing statistically from S3 and S4 (11.67 and 14.00 leaves, respectively). The results demonstrate the S2 potential to replace the commercial substrate for production of seedlings.
Different substrates for production of seedlings still need further studies aiming at alternative means for the producer. Dias et al. (2009) added 40% turkey litter to the conventional substrate and found favoring development of coffee seedlings, while the cow dung when added to the conventional substrate hindered the development of seedlings, regardless of its proportion.
When evaluating the effect of container on the number of leaves, it is evident that the increased volume of the same favored greater development, once the Cont. 2 and 3, tube and bag provided higher values of this variable.
Similar result was verified by Vallone et al. (2009) . When evaluating different containers for production of Arabica coffee (Coffea arabica) seedlings, the authors concluded that seedlings produced in polyethylene bags (700 mL) and in a 120 mL tube, using standard substrate, were superior to the derived from seedlings produced in 50 mL tubes. * significant by F test at 1% and 5% probability, respectively. ns -not significant; SDM -shoot dry mass; RDM -root dry mass; NL -Number of leaves; PH -height; LA -leaf area; DQI -Dickson quality score; SDM/ RDM -ratio between shoot dry mass and root dry mass; RL -root length; TN -total nitrogen; and TCP -total crude protein.
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For plant height, that there was no significant difference between the substrates in the Cont. 1. In the Cont. 2, the highest average was in S2 (29 cm plant -1 ), differing statistically from the others. In the Cont. 3, the statistically superior averages were found in S1, S2 and S4 (34.17, 31.83 and 30.67 cm plant -1 , respectively). The grass + cow dung compost (S3) provided lower plant height (24.00 cm plant -1
).
It is evidenced the effect of the container in the development of Conilon coffee height, once the greater averages were found in Cont. 3, showing the highest volumetric capacity (615 cm 3 ) in relation to Cont. 1 and 2 (120 and 280 cm 3 , respectively).
In S2 and S3, the Cont. 2 and 3 were statistically superior to Cont. 1. In S1 and S4, the highest average was obtained in Cont. 3 (34.17 and 30.67 cm plant -1 , respectively), differing from the others.
For Dias et al. (2009) , the volumetric capacity of containers directly influence the plant development, altering their physiological development. The authors also highlight that the number of leaf pairs should be a variable to define the management of seedlings under nursery conditions and their acclimatization for field planting.
When the root length was evaluated (Table  4) , it was observed that there was statistical difference only for Cont. 2 within S4, whose average was 21.17 cm plant -1 , differing from the others. When the effect of the container on root development was studied, it is noted that Cont. 3 presented the highest averages of this variable in the majority of treatments, following a certain tendency of root growth with increasing substrate volume. The good root development is a key factor for the good setting of coffee seedlings in the field. According to Vallone et al. (2009) , coffee seedlings produced in higher volume containers (120 and 700 cm³) will have superior development in the field in relation to the smaller ones (50 cm³).
A higher growth and distribution of the root system provides a greater absorption of water and nutrients by the plant, besides a lower susceptibility to soil water deficit, which was observed by Vallone et al. (2010) when they found that larger container volumes (700 cm³) favored the development of Arabica coffee plants.
For TN, the highest average was obtained in S3 within Cont. 2 (38.17% plant -1 ), differing from the others. However, within Cont. 1 and 3 there was no statistical difference between the used substrates.
For the effect of the container on the nitrogen content in the plant, it is clear that Cont. 3, with higher volume, provided the highest averages in most treatments. However, within S2, such variable did not show a significant difference. It is remarkable the nutritional effect of the legume + dried cow dung compost on the development of Conilon coffee. S1 -Conventional; S2 -Legume + dried cow dung compost; S3 -Grass + dried cow dung compost; S4 -Vermicompost. Cont. 1 -tube (120 cm³); Cont. 2 -tube (280 cm³); Cont. 3 -bag (615 cm³).
Averages followed by the same capital letters on the columns and lowercase on the rows belong to the same group by Scott-Knott test (p≤0.05).
A higher nitrogen content in the plant may be associated with the higher volume of substrate explored by the root system, besides the availability of this nutrient in the compost. According to Santinato et al. (2014) , the addition of nitrogen to the substrate containing cow dung is important to supply the requirement for this nutrient in the seedlings. However, the data obtained in the present study demonstrate that the substrate volume (larger containers) significantly influenced the nitrogen concentration in the plant, since the higher volumes of substrates provided higher nitrogen contents for the plant.
The shoot dry mass (Figure 1 ) showed higher average in Cont. 3 (2.92 g plant -1 ), differing significantly from the others. The lowest dry mass was obtained in Cont. 1 (0.78 g plant -1 ). Therefore, the higher substrate volume favors the production of shoot dry mass and hence the production of Conilon coffee seedlings.
When evaluating different containers and substrates, Vallone et al. (2009) observed that Arabica coffee seedlings produced in a 120 mL tube and a 700 mL bag were superior to those produced in a 50 mL container at 20 months after field transplantation. Thereby, the influence of substrate volume is evident both in the development stage of seedlings in the nursery and in the field.
For the root dry mass (Figure 2) , it is noted that the Cont. 2 and 3 showed the highest averages (0.76 and 0.94 g plant -1 ), differing statistically from the Cont. 1 (0.43 g plant -1 ). The root volume favors the absorption of water and nutrients by the plant, besides providing good stability, being its development essential for the success of seedling setting in the field. In this way, the use of higher volume containers is a strategy for production of seedlings corroborated by Francisco et al. (2010) and Vallone et al. (2009) . However, as the Cont. 2 was significantly equal the Cont. 3, the smaller volume can be used aiming at the economy of substrates, decreasing the production cost of seedlings.
The leaf area (Figure 3 ) was significantly influenced by the container volume. It is noted that Cont. 3 provided the highest average (53.61 cm² plant -1 ), differing statistically from the others. The Cont. 1 presented the worst result (19.09 g plant -1 ). The leaf area is a response to the good root development of plant, which can be understood when comparing Figures 2 and 3 . A larger leaf area will directly influence the production of photoassimilates and hence the plant development. Therefore, containers that favor the leaf area should be preferred to the detriment of those that restrict it.
According to Dias et al. (2009) , the plants growing in a higher volume of substrate show higher leaf area parameters, favoring a greater amount of reserve (carbohydrate) and metabolized, thus providing quality seedlings. This result was corroborated by Dardengo et al. (2013) . Figure 4 , the S2 provided the highest average for the Dickson quality index (0.26), differing statistically from the others. The lowest average was obtained in S3 (0.13). According to Marana et al. (2008) , the principle of quantitative evaluation is that the bigger the seedlings, the better. However, in order to avoid distortions from excess nitrogen, e.g., or from leaf growth to the detriment of the root system, quality indexes are used as relationships among growth parameters.
According to
When establishing the minimum value of 0.2 for the Dickson quality index (HUNT, 1990) , it is observed that only S2 showed a value higher than that (0.26). For Dardengo et al. (2013) , this index was efficient to indicate the quality of Conilon coffee seedlings in different containers (120 cm³ tube and 770 cm³ bag). The values obtained in the present study are close the mentioned by Dardengo et al. (2013) .
When studying the effect of tube size on seedling quality of three forestry species, Ferraz and Engel (2011) observed that the best averages for the Dickson quality index were obtained in larger containers.
In Figure 5 is shown that Cont. 3 provided the highest average for total crude protein (53.82% plant -1 ), differing statistically from the others. The second best average was obtained in Cont. 2 (41.53% plant -1 ) followed by Cont. 1 (19.23% plant -1 ). Thereby, it is suggested that a higher volume of substrate favors the crude protein production in Conilon coffee plants and hence their initial development.
Similarly to the total nitrogen content, the crude protein showed higher average content in Cont. 3. The nitrogen concentration in the plant is related to the protein synthesis (TAIZ; ZEIGER, 2013), as verified by Gomes Júnior and Sá (2010) in the bean crop.
CONCLUSIONS
The alternative substrates (Legume compost, Grass compost and Vermicompost) were efficient for production of Conilon coffee seedlings and can replace the conventional substrate at this development stage, providing good quality seedlings.
The major developments were observed in the containers with the highest volume (280 cm³ tube and 615 cm³ bag) and reflected directly on the quality of seedlings.
